Fusaricidins B, C and D, new depsipeptide antibiotics, have been isolated as minor components from the culture broth of Bacillus polymyxa KT-8 which was obtained from the rhizosphere of garlic suffering from the basal rot caused by Fusarium oxysporum. The structure of fusaricidin B has been elucidated mainly by various NMRexperiments coupled with amino acid analysis in relation to fusaricidin A, the main componentof the complex, whosestructure was reported previously. The fraction consisting of fusaricidins C and D was unsuccessfully separated, giving roughly a 4 : 1 mixture of the two, respectively. The structures of fusaricidins C and D have been determined within the mixture by detailed analyses of the 2D NMRspectra. Fusaricidins B, C and D are active against fungi and Gram-positive bacteria almost as well as fusaricidin A.
obtained from the rhizosphere of garlic3A) suffering from the basal rot caused by Fusarium oxysporumand identified by taxonomic studies1'2*. The structures of bacillopeptins1} were determined to be cyclic lipopeptides and that of fusaricidin Awas elucidated to be a cyclic depsipeptide containing a unique fatty acid, 15guanidino-3-hydroxypentadecanoic acid2). The fusaricidin complex isolated from Bacilluspolymyxa KT-8 was found to contain other componentsrelated to fusaricidin A, named fusaricidins B (1), C (2) and D (3). This paper describes the isolation, structure elucidation and biological activities of fusaricidins B, C and D.
Results

Production, Isolation and Purification
The fermentation of the producing strain was carried out as described in our preceding paper2). The isolation procedure for fusaricidins B, C and D is outlined in Fig.  4 . Activity against F. oxysporum HF8801 was monitored during the isolation. The cultured broth was centrifuged and the supernatant was extracted with /?-BuOH. The /z-BuOHextract was purified in the same way as described previously2) up to the HPLCisolation. The reverse phase preparative HPLC using a Capcell Pak C18 SG-120 column (4.6 x 250mm, Shiseido Co., Ltd.) was carried out with 1% CH3CNin 0.1% TFA as mobile phase A and 80% CH3CNin 0.1% TFA as mobile phase B with a flow rate of 1ml/minute. A gradient was run from 30% to 70% phase B in 10 minutes with UVdetection at 215nm to give two peaks, namely the peak 1 (8.8 minutes) and the peak 2 (9.7 minutes). The peak 2 was further separated by repeated preparative HPLCusing the same column in turn under an isocratic condition with 32% CH3CN in 0.1% TFA to yield fusaricidin A (20mg) and fusaricidin B (1) (8mg). The peak 1 also proved to be a mixture of two componentsand its further separation was unsuccessfully tried out under various HPLCconditions, giving roughly a 4 : 1 mixture (4mg) of the two components named fusaricidins C (2) and D (3) , respectively.
Physico-chemical Properties
The physico-chemical properties of fusaricidin B and the mixture of fusaricidins C and D are summarized in Table 1 . They are easily soluble in MeOHand DMSO, slightly soluble in water, and insoluble in CHC13and w-hexane. They gave positive reaction with Biuret reagent and Sakaguchi reagent, but were negative in ninhydrin test. Their color reactions and :H and 13C NMRdata were very similar to fusaricidin A, suggesting that they should be lipopeptides similar to fusaricidin A. 
Structure of Fusaricidin B (1)
The molecular formula of fusaricidin B (1) was determined to be C42H76N10O11 from HRFAB-MSand 13C NMRdata. This is larger than that of fusaricidin A2) by one CH2 unit. Complete acid hydrolysis of 1 was performed and the resulting hydrolysate was extracted with CHC13. Aminoacid analysis of the water layer of the hydrolysate showedthe presence of two moles each of threonine (Thr) and valine (Val), and one mole each of alanine (Ala) and glutamic acid (Glu). The Glu was revealed to have come from glutamine (Gin) residue in hydrolysate derived from the Gin residue in 1. One remaining triplet-like signal at SH 7.48 was ascribed to the guanidino (-N//C(=NH)NH2) proton. Seven methyl signals in the *H NMRspectrum of 1 were assigned as follows based on the above 2D NMRspectra. That is, the two doublet methyl signals at SH 0.81 and 0.75 were assigned to the methyls of one Val residue, which was temporarily named Val (l). The two doublet methyls at <5H 0.88 and 0.86 were assigned to those of the other Val residue named Val (2), and the doublet methyl signal at 5H 1.10 was ascribed to that of one Thr (or allo-Thr) residue named Thr(2). The doublet signal at 3H 1.16 was attributed to that of the other Thr (or allo-Thr) residue named Thr(l) and the remaining doublet signal at 3H 1.21 was assigned to Ala residue. The full assignments of all protons and carbons of the all amino acids and GHPDresidues in 1 have thus been obtained as displayed in Table 2 by detailed analyses of the DEPT,^^H COSY, HSQC, NOESYand HMBC data.
Thesequence of the six amino acid residues in 1 was determined as follows by the NOESY and HMBCexperiments as shownin Fig. 7 . The NOESY correlations wereobserved between the a proton of Thr(1) (3H 4.43) and theNHofVal (1) (<5H 7.30), betweenthe a-H ofVal (1) (3H 4.45) andthe NH of Val(2) (<5H8.40), between the a-H ofVal(2) (5H 4.12) and the NHofThr(2) (3U 8.36), between the a-H ofThr(2) (3U 4.03) andthe NH of Gin (3H 7.87) as well as between this NHof Gin (<SH 7.87) and the NHof Ala (3H 7.39). Furthermore, an HMBC correlation was observed betweenthe /? proton ofThr (1) at 3H 5.34 andthe carbonyl carbon ofAla at 3C 170.5 (Fig. 7) . This HMBCcorrelation indicates the presence of an ester linkage between the hydroxyl group ofThr (1) and the carbonyl group ofAla resulting in a depsipeptide ring as well as fusaricidin A. In consequence of this acylation of the OHgroup, Thr(l) had a remarkable down field shift in the 13C NMRspectrum at the £-CH carbon (C-2) to Sc 70.1 and up field shifts at the a-CH (C-l) and the y-CH3 (C-3) to <5C 56.7 and 16.4, respectively. We have proposed the name "Threonine Shifts"2) for these characteristic carbon chemical shift changes of the Thr residue in the situation like this.
Based on these findings, the sequence of the amino acids in the depsipeptide ring of 1 was determined as cyclic
with an ester linkage between Thr(1) and D-Ala. The fatty acid side chain was also determined to attach to the Thr(l) residue through an amide bond by the analyses of the HMBC and NOESYexperiments for 1 ( Fig.  7) .
In order to assign the stereochemistries of Thr(l), Thr (2), Val (1) and Val (2) residues, partial acid hydrolysis of 1 was carried out under the same condition2) as for fusaricidin A. From the resulting hydrolysate, one peptide was obtained together with several amino acids. This peptide was examined in the same way as for fusaricidin A2) and determined to be L-Thr->>D-Val.
Therefore, Thr(1) is L-Thr, Val(l) is D-Val, Val (2) is L-Val, and Thr (2) is D-allo-Thr. Based on the results described above, the total structure of fusaricidin B (1) has thus been elucidated to be a hexadepsipeptide having a D-Gln residue in place of D-Asn offusaricidin A as shown in Fig. 1 .
Structures of Fusaricidins C (2) and D (3)
As described above, separation of fusaricidin C (2) and fusaricidin D (3) was very difficult and they could hot be obtained as pure form but as roughly a 4:1 mixture, respectively. As shown in Table 1 , the positive MAR. 1997 with the data of 1 and fusaricidin A, 2 could be composed ofThr, Val, Tyr, allo-Thr, Asn, Ala and GHPD, and 3 could consist of Thr, Val, Tyr, allo-Thv, Gin, Ala and GHPD. In the XH and 13C NMRspectra of the mixture measured in DMSO-<i6,the signals of 2 were accompaniedin close vicinity with smaller correspondent signals of 3 and sometimes they were overlapped as shown in Figs. 8 and 9 , respectively.
The DEPT, 1H-1H COSY, HSQC, NOESY, HMBCand HOHAHAspectra of the mixture of2 and 3 were also measured in DMSO-<i6 and carefully examined. From these ID and 2D NMR data, all protons and carbons of the six aminoacids and GHPDresidues in 2 and 3 were assigned as listed in Table 3 . A very striking feature found in the *H NMR spectra of2 and 3 is the large up field shifts of the methyl signals of each Val residue observed at 3H 0.57 and 0.39, and 3H 0.57 and 0.44, respectively.
These remarkable shielding effects could be due to the magnetic anisotropy caused by 7c-electron currents of the benzene ring in each Tyr residue, which should be located adjacent to each Val residue. The sequence of the six amino acids and GHPD residues in 2 and 3 was determined as shown in Figs. 10 and 1 1 respectively, by HMBCand NOESYcorrelations for 2 and 3.
Though the stereochemistry of each amino acid residue in 2 and 3 could not be determined because of the shortage of the materials, they should be related biosynthetically Table 4 together with those of fusaricidin A. As was expected, 1 and the mixture of 2 and 3 showed strong activity against a wide variety of fungi as well as fusaricidin A. They also exhibited remarkably strong activity against Gram-positive bacteria such as Staphylococcus aureus and Micrococcus luteus. Furthermore, 1 showed mediumactivity against yeasts such as Candida albicans IFO 1594 and Saccha- romyces cerevisiae HUT7099, whereas 2 and 3 showed no activity even at lOO^g/ml against these yeasts.
Discussion
In the present study, we have isolated new antifungal and antibacterial antibiotics, fusaricidins B (1), C (2) Amongthe known peptide antibiotics, fusaricidins A and C (2) structurally resemble KT-6291A and KT-6291B5) respectively, which were isolated from an unidentified strain Bacillus sp. KB-291. However, as described previously2), the distinctions of the positions of Thr and allo-Thv in KT-6291A and KT-6291B were not made, nor were reported the absolute configurations of the amino acid residues. Furthermore, KT-6291A and KT-6291B were not active even at lOO^g/ml against Fusarium oxysporum f. sp. cucumerinum, whereas fusaricidins A and C both showed activity at 1.56 /ig/ml against Fusarium oxysporumHF 8801 or F. oxysporum HF 8835.
Fusaricidins C and D displayed strong activity against Gram-positive bacteria especially Staphylococcus aureus FDA209P, S. aureus Smith and Micrococcus luteus IFO 3333 as did fusaricidin A, but fusaricidin B showed weaker activity against those microbes than the fusaricidins C and D mixture ( UV-vis, JASCOV-520 spectrophotometer; optical rotation, Union PM-101 automatic digital polarimeter.
Analysis of the AminoAcids Each antibiotic was completely hydrolyzed with 6n HC1 at 105°C for 24 hours in a sealed tube and the reaction mixture was extracted with CHC13.The water layer of the hydrolysate was analyzed on a Hitachi L-8500 amino acid autoanalyzer.
